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THE  OXYGEN  CONTENT  OF  THE  BLOOD  IN  RABBITS 
INFECTED  WITH  PNEUMOCOCCUS.* 
BY FRANCIS W.  PEABODY,  M.D. 
(From the Hospital of The Rockefeller Institute for Medical  Research, 
New  York.) 
It  has  been  shown  by  experiments  in  vitro ~  that  the  growth  of 
the pneumococcus on blood decreases the  capacity of the blood  for 
combining with oxygen.  This effect is seen when the pneumococcus 
is  planted  in  mixtures  of  unlaked  red  corpuscles,  but  it  is  more 
marked in solutions of hemoglobin, and the lowering of the oxygen- 
combining  power is  apparently  due to  the  formation  of methemo- 
globin.  Even  when  spectroscopic  examination  fails  to  show  the 
absorption bands  of  methemoglobin,  the  oxygen-combining  power 
of  the  hemoglobin  is  decreased,  and  spectrophotometric  measure- 
ments  make  it  certain  that  methemoglobin  is  present.  The  deter- 
mination  of  the power of the blood  for  combining  with  oxygen is 
thus a very delicate test  for changes taking place in it. 
As a  result of these experiments in vitro  it seemed of importance 
to  determine  whether  similar  effects  on  the  blood  took  place  in 
animals  with a  pneumococcus septicemia.  For this purpose  rabbits 
were used,  and the animals  were injected with large  doses of pneu- 
mococcus  so  as  to  induce  rapidly  a  profound  b acteremia.  They 
were inocula'ted  in the ear vein with the  organisms  centrifuged  out 
from  200  to  500  cubic  centimeters  of  an  eighteen  hour  bouillon 
culture.  Shortly  after  inoculation  the  organisms  could  be  found 
in smears of the blood, and the number of organisms increased until 
at death enormous numbers were present  Clinically the most strik- 
ing  symptom was the  abnormal  respiration.  Most  of the  animals 
showed a  polypnea, but several had a slow, deep respiration,  not un- 
like  the  typical  breathing  of  diabetic  acidosis.  As  the  infection 
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became  more  marked,  a  cyanosis  of  the  mucous  membranes  and 
conjunctivae developed and the blood in the ear veins became much 
darker.  Death usually occurred in  from four to six hours. 
The  blood  after death  varied  from a  dark  reddish brown to  a 
chocolate  color.  When  shaken  with  air  it  changed  color  rather 
slowly and often failed to become bright red.  The coagulation time 
was increased.  Sometimes the blood remained fluid for many hours. 
The  serum  was  yellowish green  and turbid,  much as described by 
Longcope  2 after the  growth in vitro  of pneumococcus in the sera 
of pneumonia patients.  The reaction of the serum to litmus paper 
was variable.  Sometimes it decolorized litmus paper,  sometimes it 
gave a  slightly alkaline or an amphoteric reaction, and occasionally 
it was acid to litmus a  short time after death.  In general it was, 
however, much less alkaline to litmus than is normal rabbit serum. 
The carbon dioxide content of the blood was determined in several 
animals,  and  a  marked  falling was  observed  as  the  infection ad- 
vanced.  This is,  of course,  exactly what occurs  in  other types of 
acidosis.  Spectroscopic examination of the laked red  cells usually 
showed  the  absorption  bands  of  oxyhemoglobin  or  hemoglobin. 
Only very rarely were the bands Of methemoglobin present, although 
they occasionally appeared  after the Mood had been  kept  for some 
hours in vitro. 
Observations  were  made by the  Barcroft and  Haldane  3 method 
on the oxygen content of blood  from the carotid artery at various 
times  after  the  animal  was  inoculated,  and  on  the  power  of  the 
blood  for  combining with  oxygen at  the  same  time  and  also  im- 
mediately after death.  The combining power was tested by laking 
the blood and shaking it for five minutes in air in order to saturate 
it  with oxygen.  A  source  of error  exists  in these  determinations 
in that the pneumococcus, an organism which uses up oxygen rather 
rapidly,  was  present  in  the  blood.  There  was  undoubtedly some 
loss  of oxygen during the  analysis of the  specimen,  but  all  speci- 
mens were analyzed as nearly as possiMe at the same rate and With 
the  same  precautions,  and  control  observations  on  the  rate  of 
destruction of oxygen by the organism in specimens of blood taken 
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after death made it clear that  the error was  not large enough to 
affect the general meaning of the results.  This source of error was, 
moreover, finally controlled and in great part eliminated in experi- 
ment 8.  Blood was taken before inoculation and immediately after 
death.  Both specimens were laked and centrifuged rapidly, so that 
smears from the blood taken after death contained no pneumococci. 
This sterile solution of hemoglobin showed a decrease in the oxygen- 
combining power of  over  17  per cent.,--a change exactly similar 
to that found in .the other experiments.  It is thus evident that the 
low oxygen values are not dependent on the presence of organisms 
in the blood during the analysis, but on a change in the hemoglobin 
molecule (table I). 
The  results  may be  briefly summarized as  follows :--The  first 
specimen of  blood  was  taken  as  a  control  before  inoculation  or 
before the animal showed marked symptoms.  It gives the normal 
oxygen content of the arterial blood for the individual animal, and 
the content of the blood when saturated with oxygen.  S~bsequent 
specimens show a diminution both in the oxygen content and in the 
oxygen-combining power of the blood.  The degree of this diminu- 
tion is more or less parallel to the severity of the infection, and the 
fall is progressive until death occurs.  At the time when death took 
place, the oxygen-combining  power of the Mood was usually between 
6o and 75 per cent. of its original value.  In some of the experiments 
the  oxygen  content  fell  in  approximately the  same  ratio  as  the 
oxygen-combining power.  In these, then, the degree of saturation 
with oxygen remained about normal.  In other instances (rabbits  I 
and  2),  however, the  oxygen content  fell more  rapidly than  the 
combining power, and the arterial Mood was much less completely 
saturated  than  normMly.  This  low  degree  of  saturation  might 
depend in part on the fact that oxygen is  directly used up by the 
pneumococcus, for it is  possible  that  if the venous blood  reached 
the lungs with an abnormally low oxygen percentage, the time of 
the  passage  of the  lung capillaries  would  not be  long enough to 
allow  the  blood  to  become  completely  saturated.  On  the  other 
hand,  as there is  a  gradual shift in reaction of the serum, and as 
the hemoglobin molecule is  ultimately profoundly changed by the Oxygen  Content of Blood in Rabbits. 
TABLE  I. 
The Oxygen Content of the Arterial Blood, and the Oxygen-Combining  Capacity 
of  the Blood  of Rabbits  Infected with Pneumococcus. 
Time of inoculation. 
Rabbit  I. 
Oct. 22,  1912. 
Inoculated at 
lO.45 A.M. 
Rabbit 2. 
Oct. 24  ,  1912. 
Inoculated at 
I0.25 A.M. 
Rabbit 3. 
Oct. 29,  1912. 
Inoculated at 
12.45  P.M. 
Rabbit 4. 
Nov.  I,  1912. 
Inoculated at 
9.15 A.M. 
Rabbit 5. 
Nov. 7,  1912. 
Inoculated at 
9.20 A.M. 
Rabbit 6. 
Oct.  i2,  1912. 
Inoculated at 
9.00 A.M. 
Rabbit  7. 
Oct.  8,  1912. 
Inoculated at 
9.00 P.M. 
Time at which 
blood was 
taken. 
lO.3o A.M. 
12.55  P.M. 
1.00 P.M. 
12.30 P.M. 
I.oSP,M. 
2.30P.M. 
4.30P.M. 
5.OOP.M. 
I1.25 A.M. 
12.10 P.M. 
I2.45 P.M. 
1.40 P.M. 
I 1.40 A.M. 
1.00 P.M. 
1.I 5  P.M. 
3.25P.M. 
4.25P.M. 
5.20 P.M. 
5.40P.M. 
12.30 P.M. 
Percent. of 
oxygenin 
arterial blood. 
10.8I 
1.47 
7.I2 
2.82 
11.4o 
IO.OI 
14.34 
13.22 
11.14 
Per cent. of 
oxygen in blood 
when completely  Remarks. 
saturated. 
7.08 
8.88 
6.78 
I2.5I 
11.20 
9"79 
18.59 
16.37 
12.95 
9.89 
14.8o 
9.25 
9.05 
7.15 P.M. 
I2.II 
8.02 
I2.2I 
IO.I2 
8.81 
7.71 
io.28 
7.00 
Control  specimen before in- 
oculation. 
Animal  dying.  Arterial 
blood  reddish  brown. 
Blood  from  heart.  Heart 
still  beating  when  chest 
was opened. 
After  standing  24  hrs.  this 
blood,  in  strong  solution, 
shows absorption bands of 
methemoglobin.  It  de* 
colorizes litmus paper, but 
does not turn it red. 
No  observation  made  while 
animal was still normal. 
Death  at  1.25  P.M.  No 
methemoglobin absorption 
bands. 
Blood  taken  after  death 
Heart still beating. 
Dyspnea. 
Blood  taken  from  heart  at 
death.  Heart still beating. 
Blood  taken  5  min.  after 
death.  No  absorption 
bands of methemoglobin, 
Oxygen  content  of  venous 
blood,  2.06  per  cent.  at 
4.00 P.M. 
Rabbit dying. 
Control  observation  before 
inoculation. 
Blood  taken  shortly  after 
death. Franc~  W. Peabody.  5 
growth of the pneumococcus, it is not unlikely that there is a  slow- 
ing  of  the  reaction  between  the  hemoglobin and  oxygen.  It  is 
noticeable that when one shakes specimens of infected Mood in the 
air, they appear to become red unusually slowly, but it has not been 
possible to make any direct observations on the rate with which these 
Moods take up oxygen. 
In pneumococcus septicemia in rabbits, then, the blood is changed 
so that  it  takes up less  oxygen than normally.  This change only 
begins to appear when the infection is advanced.  It is progressive 
and reaches its maximum at death.  Associated with this fall in the 
oxygen-combining power is  a  progressive fall  in  the oxygen con- 
tent of the arterial Mood.  The fact that the laecter is often relatively 
greater than the  former suggests a  slowing or other interference 
in  the  reaction  between  hemoglobin  and  oxygen.  Occasionally 
specimens of  infected  Mood  show  the  absorption  bands  of  met- 
hemoglobin. 
The changes in the infected rabbit  are exactly analogous to the 
changes occurring when the pneumococcus grows in Mood in vitro. 
In solutions of hemoglobin, practically all  the hemoglobin may be 
converted into methemoglobin.  In mixtures of unlaked red blood 
cells the action is less intense and after twenty-four hours' growth 
methemoglobin cannot usually be  found spectroscopically.  There 
is, however, a profound fall in the oxygen-combining power of the 
Mood, and spectrophotometrie measurements show that the change 
to methemoglobin is  taking place.  In infected rabbits  the change 
in the Mood rarely goes on so far that methemoglobin is distinguish- 
able  spectroscopically,  for  the  animals  die  before  this  stage  is 
reached.  The fall in the oxygen-combining power of blood, how- 
ever, shows that the hemoglobin is being affected, and this, together 
with  the  occasional  finding of  methemoglobin in  the  blood  from 
animals, makes it certain that in animals the growth of the pneu- 
mococcus produces the same effect on the hemoglobin molecule as 
it does in vitro.  It is impossible to decide definitely whether acid 
production plays  a  part  in  the  alteration  of  the  hemoglobin, but 
experiments  in  vitro  are  contrary  to  this  supposition. 6  Oxygen  Content  of Blood  in  Rabbits. 
CONCLUSIONS. 
In  rabbits with a  severe  pneumococcus bacteremia,  the  oxygen- 
combining power of the blood  falls progressively up to the time of 
death.  Coincident with this there is  an even more marked  fall  in 
the oxygen content of the arterial blood. 
The  changes  in  the  blood  in  infected animals are  analogous  to 
those  seen  when  the  pneumoeoccus  is  grown  on  blood  in  vitro. 
They are due to the conversion of hemoglobin into methemoglobin. 